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MORPHOLOGY AND DISTRIBUTION OF
THE ACANTHOECIDAE (CHOANOFLAGELLATA)
FROM THE WEDDELL SEA DURING THE

AUSTRAL SUMMER, 1977

Kurt Buck

INTRODUCTION

Literature review

The placement of choanoflagellates as a
group in either the plant or animal kingdom has
vacillated back and forth for a century. Based
upon mitochondrial and flagellar substructure
(Leadbeater and Manton 1974, Hibberd 1975,
1976), these organisms are now assigned to the
Families Codonosigidae, Salpingoecidae and
Acanthoecidae, Order Choanoflagellata, Class
Zoomastigophorea, Phylum Protozoa. The cells
of the Family Codonosigidae are naked, the cells
of the Family Salpingoecidae are thecate
{(bounded by an investment without costae), and
the cells of the Family Acanthoecidae are
loricate (bounded by an investment with costae
made of siliceous strips) (Leadbeater 1977, Nor-
ris 1965). The Acanthoecidae are further dif-
ferentiated from the other choanoflagellates in
that they are exclusively marine. This study will
concern itself with the Acanthoecidae.

With the erection of the genera Crinolina
(Thomsen 1976), Bicosta (Leadbeater 1978), and
Calliacantha (Leadbeater 1978), there are now
approximately 12 genera and 40 species which
belong to the Family Acanthoecidae. Geograph-
ically, loricate choanoflagellates have been
found in polar (Manton et al. 1975, Throndsen
1970a.b, Reynolds 1976, Deflandre 1960, Manton
and Qates 1979b), temperate (Leadbeater 1972a,
b, 1973, Manton and Oates 1979a, Moestrup
1979, Norris 1965, Thomsen 1973, 1976, 1977,
Throndsen 1969, 1974), subtropical (G. Fryxell
pers. comm.), and tropical (Manton and Oates
1979b) regions. With the exception of Deflan-
dre’s report from Terre Adelie of Parvicorbicula
socialis (Meunier) Deflandre, a seemingly cosmo-

politan species, the polar reports hav.- been pu-
marily of arctic species.

As a group choanotflagellates seem to favor
calm waters of nearshore areas for their habitat,
being found in the stagnant waterc of salt
marshes (Leadbeater and Morton 1974a), tide
pools (Norris 1965), fjords (Throndsen 1974,
Thomsen 1973, 1976} and coastal waters
(Throndsen 1969, Manton et al. 1975, 1976) Ob-
servations in open ocean have been made on
two species of the genus Bicosta (Throndsen
1970b, Reynolds 1976). Neustonic (Norris 1965),
epiphytic (Ellis 1930, Norris 1965), and plank-
tonic (Throndsen, 1974) modes of existence have
been described. Manton et al. (1975) propose an
association with sea ice as a common denomi-
nator for a group of Acanthoecidae observed in
the Canadian Arctic, although no specific
reports of such an association were made. The
presence of at least one species under arctic sea
ice has been documented (Manton and Oates
1979b). Environmental tolerances of the family
as a whole seem to be wide; they have been
found in water with temperatures ranging from
-1°C to 24°C and salinities ranging from 5",, to
36%,,. Without exception, insufficient data exist
to be able to establish habitat, environmental, or
geographical ranges for any given species.

In describing the morphology of the Fanuly
Acanthoecidae the terminology of Leadbeater
(1972a) will be followed The lorica is composed
of longitudinal and transverse costae (big 1) The
anterior end is open (the postenior end in Crino-
lina spp. is open as well) and has the tlagelium
projecting from 1t In the present taxonomac
scheme the lorica shape, presence or absence ot
anterior projections, numbers of costae (both
longitudinal and transverse), and in one case the
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Figure 1. Morphology of Acanthoecidae.

orientation ot the costae (Acanthoeca Ellis) are
characteristics most commonly used to differen-
tiate genera. Costal numbers (both longitudinal
and transverse), presence or absence of a caudal
appendage, and costal shape are the characteris-
tics most commonly used to differentiate
species. Fach costa is made up of rod shaped
subunits, called costal strips, which in some
species are heteropolar. The heteropoiar costal
strips are tapered at one end and bulbous,
T-shaped, or L-shaped at the other end. Other
costal strips are usually tapered at both ends In
the species that have heteropolar transverse

costal strips, it is the non-tapered end that s re-
sponsible for joining individual costal strips and
connecting longitudinal and transverse costae.
The variation of costal substructure between
species has been largely ignored in the literature,
making assessment of its taxonomic importance
difficult. The shape and size of the protoplast,
the length of the flagellum, and the number and
length of the collar tentacles are characteristics
that are usually included in a species descrip-
tion, but differentiation on both the generic and
specific levels is based solely upon lorica mor-
phology.
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The composition ot the costal staps and
hence the lonca has been deternuned to be sili-
ceous  baposure to hvdrotluone aod (L ead:
beater and Morton 1974b) and X-rav analysis
(Thomsen 19731 have been used to test this
When tosts tor cnystalline structure ot the silicon
were conducted and negative results obtamed.
Leadbeater and Manton (19741 condluded that
the silicon was present i an amorphous torm
the substance hoidimg the costal strops to one
another does not withstand treatment swith po-
tassium permanganate and hvdrochione acid a
provedure used to ddean organie o matter trom
dratom rrustules (Fovvell and Hasle 197010 andy
cating that @ may be orgamc i nature

Buacterna and other small particles are mgested
by Choanotlagellates as tood Collar tentacfes
remove the particles trom the water currents set
up by the beating ot the tagellum imsade the fon
ca il eadbeater and Morton 19740 Flhs 19305 al
thaugh puesumabhy dissolved organic matter
mayv abso tuanction as a tood source tor some
species (Gold et al 197m

Reproducbon (production ot another proto
plastiand rephcation (producion ot another for
e have been studied with both Tight and eleg
tron mucroscopes. using wild as well as cultared
otganisins The entite sequences have heen es
tablished by preamyg together discrete observa
tions ot the separate steps (Filis 1930 Thomisen
1976 1977 Leadbeater 197510 Atter repradac tion
occurs, the juvemibe protoplast mitgrates out ot
the mother lorca and attaches to the exteial
antetior end o1 the loaca, a position 11 usually
mamtains only tar o short peniod of time
tThomsen 19771 Costal stop bundles are present
within the juvenide cells t cadbeater and Manton
1974) 00 0s presumably these costal strps that are
Laid around the puvemte protoplast to produce a
new lonca A evidence pomnts to an exadt
placement of speaitic costal strps IManton et al
1976) afthough the mechamsm involved o~ still
unknown  Thomsen (1973) has obsenved what
could be interpreted as a mature lorica mitiating
division atats posternior end Colony tormation as
a result ot juvembe cells and Torcas not disas
soctating themselves trom the parent Toricas has
heen observed  The colomes may be sphencal
{antenor ends diredted mwards) (Thomsen 1976)
or in mats (Detlandre 1960, Manton et al 1976,
depending upon the species and the interpreta
tion

Objectives
Deterouming the geographical, habatat, and

spatial distnbution o selected species o the
Acanthoeciddae, particularly with respect to pre
vious obsernvations s one ot the mam objectines
ot thisreport Another objective v to examme
the costal substructure ot the species with a
seanning eloectran mig roscope i an dttenmpt to
clanty the tavonomic importance of this «harac

terstic A new  species Diaphanooca mult
dansuiatr s descnbed tor the tirst timee tron,

these samples

MATERIALS AND METHODS

This study was essentially obsenvational i
nature  using standard methods ot highe and
scannmy eleciton mucroscopy The morphoiog
cal and tavonomic aspects ot this study rely
heavilv upon micrographs of selected onganisms
trom samphng statons where the concentrations
were hughest The distiibutional aspect relios on
sunveving samples obtamed duning o Cruse o
the US Coast Guard Toebreaker Burton Isiand to
the Weddell sea duning Februann and March
1977 (hig 2 Table 11 Samples were obtamed in
three wavs with o 35w mesh net towed trom a
depth o1 200 m beiow the surtace with a CRREI
we corer that obtaims o 7-cm-diameter oy hindes
throughce tloes. and by hand trom the edges o
e tloes and trom ponds onice tloes A total ot
thirty-three water column and tinve e 1hoe
samples were taken (Table 1) and examimed O
the tive sce samples 1our were obtamed trom e
tHoe edaes or ponds and one was obtamed with
the tce corer

\.ln‘.pl('\ were pros(-r\od A8 s00nN as ;)()\\lnl('
atter collection with enough hexamine-buttered
tormalin to produce a concentration ot dppros
mately 2% tormalinan the sample The samplos
wore returned to Texas ARN Unnversity tor suh
sequent anahy s Approvimately 20 ml trom
cach sample was nmsed with faboratony distilled
water gaing g centtitugation-decantation tech
mque {the sampleas centntyged  the supernatant
decanted, and distilled water added) Arter the
tinal fourth) rinse a pipette was used to transter
a portion ot the pellet to whole coverslips 1or
use with the Tight miccoscope (LMY or to g por
tron ot g4 cleaned covershp mounted on an alum
mum stub tor use with the ccanming electron
microscope (SEM) The samples were then an
doed Those samples to be studied with the hght
microscope were covered with Hyray or Cumar
(mounting media) and allowed to dry overmight
the excess mounting medium was then scraped
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Figure 2. Cruise track and pack ice limits of the Weddell Sea biocruise, February-March
1977. Dashed line represents the pack ice limit and the solid line represents the cruise

track.

away and the edges were sealed with tingernail
polish. The samples for the SEM were grounded
to the stub with silver paint and coated with
gold-palladium. The light microscope was a
Zeiss Standard K with phase optics; the scanning
microscopes used were Hitachi JSM U-3 and
U-35.

RESULTS

Observations
Diaphanoeca multiannulata sp nov Fygs 312
Diagnosis  Lorica barrel Transverse
costae, 4 or 5 composed ot 1114 costal stups,
butbous at one end, tapered at other eod, spraced

shaped,




Table 1. Location, date, type of sample, surface temperature,
and salinity of the stations occupied during the Weddell Sea

biocruise, February-March
Latitude  Longitude
Sta 1w
A 6017 0 44034 O
8 63957 1 5301241
B-C 63°56 0" 520130
B-C 63958 (v 520250
¢ 63°58 O 520254
-0 64°13 0" 51956 0°
D 64957 6 56926 2
0 64957 6 5626 2°
D-t 65°13 407 510510
t 65023 51028 O
t 6523 0 91028 O
f-4 ©5°59 6" 51°42 ¥
4 H6°%45 1 50°30 5
b-G 67°04 5 5000 O
G 67°49 4 4907 ¥
G-H 68043 1 47028 0
H Ha°21 O 1646 0
H-1 [IEERU NS 46°55 0
| 79015 2 45°%6 8
] 70015 2 456 8
11 70039 0" 44°000
] 710250 45°00 0
I-K 7008 O 410315 5
N 7007 0 1044 0
[N 73007 o 420440
k-1 74°08 ( 41°08 4
l 74947 6 3854 B
{-M 74041 17 36°32 3
A 75°49 5° 34027 0
M-N 77027 ¢ 34°54 0
N 77%46 O 35210 ¢y
N-O 77°46 0" 35259 (Y
O 76°54 b 34°04 1’
O-p 76°49 7° 3207 &
P 76019 8 28°430 (¥

“1ce toe pond or edge

tice Hoe core

at itervals ot 112, 4, 5-1.2, and 7 costal stnps
trom antenor  ends longitudinal
longitudinal costae 11-13, composed o 8-9 costal
stps, blunt at both ends, of shghtly smaller
diameter than transverse costal strips, projections
1-1/2 ¢ ostal strps in length occurning beyond an-
tenior ¢osta, caudal appendage 3 costal strips in
length ansing from reduction and convergence ot
longitudinal «ostae postenor to 4th transverse

of Costae;

costa

Holotype. bigure 3

Type location. 70°15 2°S, 45°36 8'W, 23/02(77 e

floe pond, -1.8°C

Loricas of this species were found in many of
the net tows and in four of the five ice samples

1977.

Date

(1977

13 teb
16 teb
17 teb
17 feb
17 teb
t8 teb
18 Feb
18 teb
19 teb
19 Feb
19 Feb
19 teb
20 beb
20 teb
21 teb
21 teb
22 teb
22 teb
23 teb
23 teb
23 teb
24 teb
24 teb
25 teb
25 teb
25 Feb
26 teb
26 teb
27 teb
27 teb
28 Feb
28 feb
1 Mar

1 Mar
2 Mar

Sample Sutlace Surtacee
npe teays (°CH sl it
Nuot 17 41
Net 7 (X
lee®
Net
Net a8 132
Net
fce®
Net [ 343
Net
lee®
Net 17
Nett
Net 13 X%}
Net
Net uR LRI
Not
Net 17 115
Net
lee®
Net 22 114
Net
Neet 1o 3
Net
foet
Net 15 IR
Net
Net 19 i1 4
Net
Nt 20 10
Net
Net 24 (RN
Net
Not 13 [RE]
Net
Net 17 343

(Table 2) Although the number of costae vaned
(Figs. 4-6), twelve Tongitudinal and tour trans
verse costae was the norm (Figs 4, 5) Hection
microscopy of this organism pernmitted the strug

ture of the costae to be discerned  The trans
verse (ostae are composed of as many costal
strips as there are longitudinal costae The costal
strips, bulbous on one end and blunt on the
other end, are attached to the fongitudinal cos
tae by their bulbous ends and to each other by
the blunt end somewhere along the adjoimng
costal stop (b 6) The pomnt ot attachment tor
the blunt end and the adjoining costal strep dat
fers for each costa; in the antenor transverse
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Figure < Diaphanocca multtannulata Intact
forica with caudal appendage 4 transcerse ard

Frgure 4 Dhaphanoeca multiannulata Line I3 lonwitudmal costae TA dee tloe pond st
{ tron |
drawmny

Frgure 5 Diaphanocca multtannulata forca
with 5 transyverse costae farrows) IM ce floe 0
pond. station |
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Table 2. Distribution of Acanthoecidae from the Weddell Sea biocruise, February-March 1977.

1} denotes e

Acanthoecopsis Bicosta Bicosta Calliacantha Calliacantha Cnnolina  Diaphanoeca  Parvicorbicula
Station spiculifera antennigera spinifera  multispina simplex aperta multiannulata socials
A
A-B
B X
B-C{)
B-C
C
Cc-D
D(H X X X
D X X X
D-E X X X
(2(0)] X
3 X X X
F X X
F-G X X
G X X X
G-H X X
H X X
H-t X
[[{}] X X X X X X X
| X X X
[ X X X
1-K X X
K(l) X X X X X X X
K X X X X
Al X X X X
| X X X X X
1-M X X X X
M X X X
M-N X X X
N X X X X
N-O X X X X
(9] X X X X
QO-p X X X X X X X
P X X X X X X X

costa the stops overlap each other by 40-50% o1
thew length while i the third transverse costa
the overlap s 10-15% (bigs. b6, 7). Since the
number of costal strips 15 constant, this overlap
produces transverse costae ot difterent diam-
eters, hence the barrel shape ot the lonca The
longitudinal costal stnips are blunt at both ends
and overlap one another by 10% ot ther total
length (Fig 7) At or below the postenior trans
verse costa, o reduction in the numbers ot long-
tudinal costae occurs as they converge and torm
a caudal appendage (Lig B) Mean lonca length
(exc luding the caudal appendage) and diameter
at the third transverse costa were statistically dif-
terent tor stations Land K 43 £ 3 pum X 25 um #
2um and 33  6um x 21 + 2 um, respectively
The presence of a caudal appendage and one

anterior transverse costa with three or four even-
ly spaced transverse costae posterior to it dis-
tinguish D. multiannulata from the type species
of the genus, D. grandis tllis. D. multiannulata
differs from D. pedicellata Leadbeater by
possessing additional transverse costae (0.
pedicellata has 3) and having anterior projec-
tions constructed of more than one costal strip
(tig. 6). The presence of costal strip bundles
within loricas was also noted (Fig. 12)

Crinolina aperta (Leadbeater) Thomsen (Figs
13-16) Loncas of this species were tound at most
ot the southern stations in the ace as well as in
the water column (Table 2) The lonca » con-
structed ot twelve longitudinal and two trans-
verse costae with the longitudinal costae contin
uing beyond both ends ot the lorica (Figs 13, 14)
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figure 6 Diaphanoeca multianoulata Complete
Jorica with 5 transverse and 11 longitudinal cos
tae. LM lce toe pond. station |

Figure 8. Diaphanoeca multiannutata Whole
Jorica showing costal strip components of both
longitudinal and transverse costae SIM ce floe
pond, station |

boipare ~ Diaphanoeca mudtiannulata 3 hole lor
1ca showmg 12 longitudimal and 4 transyerse cos
tae antenor projections. and a caudal appen
dage M Tce Hoe pond, station |

Figure 9. Diaphanoeca multiannulata Anteror
transverse costa and anterior projections Pro
rections are 1y costal strips n length  The
mode of attachment of the transverse costal
strips to each other and to the longitudinal ¢ os
tae is visthle SEM Ice floe pond, station |




?
“
Figure 11 Draphanoeca multiannalata
Codlesaing ot longitudinal costae below the

Figure 10 Diaphanoeca muitiannulata Partial tourth transverse costa The caudal appendage
lorica with antact second and third transyerse arises trom this stalk SEAL Joe tae pond sta
costae SEM Hce floe pond. station | tron 1)

Figure 12, Diaphanoeca multiannulata  In-
complete lorica with costal strip bundle SIM
ice floe pond, station D
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Figure 13 Crinoling aperta Line drawing.

Figure 15. Crinolina aperta Lorica showing the
size difference between the anterior and posterior
transverse costae. LM. Ice floe pond, station L.

The costal strips ot the transverse costae are
tapered at one end and L-shaped at the other
end (hig 16) The upturned end of cach costal
stiip on both the transverse costae s directed to
wards the anterior (narrow) end ot the lorca 1tas
the | -shaped end that s responsble tor the at

10

figure 14, Crinoling aperta  Lonca with 2
transverse (the smaller of the two is the anterior]
costae and 12 Jongitudinal costae and projec-
tions at the posterior and antenor ends LM
Water column, station L

figuie 16, Crinolina aperta  Section of the
anterior transverse costa and a longitudimal costa
showing the L-shaped transverse costal strp and
the Y-shaped notch made by the longtudinal cos-
ta in which the transverse costa sits SEM. Water
column, station L

tachment ot the transverse costa to the longitud
nal costae At the antenor transverse casta the
fongitudinal <osta torms a ¥ shaped notch an
which the transverse costa s situated  The lon
as ranged i size trom 24 40 um Jong, 12 16 um
i diameter at the anterior end and 1318 umon
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Figure 17 Parvicorbicula soctabis. Line draw ing.

Figure 19 Parvicorbicala soctalis Posterior por
tion of lorica showing the second transverse cos
ta situated at the posterior end of the anterior lon
gituding! costal stnp Longitudingl costal reduc
tion trom ten to fne occurs below the second
transverse costa before uniting at a pomnt. SEM
Water column, station k

i

Figure 18 Parvicorbicula socialis {orica
with two transverse and ten longnudinal
costae and no caudal appendage Nofe
the attachment ot the distal end ot the
longitudinal costae to the nudpoint ot
the anterior transverse costal strips SEM
Water column, station A

diauneter at the postenor end Althoueh smalles
than those previoashy reported (Nanton e al
9705 (Appendin A thece o Tettle doubt Buased
on both gross morphology and costal sabisteag

ture that thes organisim s C aperta

Parvicorbrcula socihs IMeamient Detlandre
(Frpgs 17 241 This speaies swads encountered at
more stations than amy othet member o the
Acanthoecidae and although it was tound e
samples it seemed to be most abuandant i the
water colgmn (Lalde 20 The Jonca s composed
ot ten longitudmal and two transverse costae
possessing o soeme cases a - caudal appendage
[he antenor transverse costa s constracted ot
ten overlapping costal stips tapered at both
ends The second o postenorn fransyerse costas
constructed ot tewer (6 or 7V but siomalarly shaped
costal staps and s situated one costal stop
beneath the anterntor transverse costa (bges 18
197 The longtudmal costae joimn the anteros
transyerse costae i the niddle ot the compe

nent costal stips at the pomt ot contact the

'
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Fagure 20 Panvicorbicula socabs Detant t
ot the attachment ot the longitading!
contae o the anteror ransverse costa Frgure 21 Parnvicorbicula socialis Postenor tran 1
vhowng the enlargement ot the antenior werse conta showmg coalescmg ot longitadinal '
end ot the dongrtudmal strips SEM costae into a stalk trom o which a caudal appen ‘4
wWater cofumn station A dage arives SEND Water column station K "4

E
Frgure 22 Parvicorbicula sociabis Lonca Fieure 24 Panvicothicula socialis Complete lor .
showing tongrtudinal costal reduction to cwdh ntact coll and tHagellam tarron ! project l

1 hbelow the second transyverse costa |M g out of the antenor end ot the lonca (M
r Water column station | Water column station H | i

V2
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Figure 24. Parvicorbicula socialis. Aggregations
of loricas, indicating colony formation. LM.
Water column, station H-I.

Figure 26. Acanthoecopsis spiculifera Complete
lorica with 16 longitudinal and 3 transverse cos-
tae, anterior projections and a caudal appendage.
LM. Water column, station P.
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bigure 25 Acanthoccopsis spncolitera L ine
drawing

Topgitudimal costal stap s enlarged thig 204 Re

duction v the number ot longitudimal costae
mayv occur ol or below the second transyerse
costa thigs 18 19 21 22 he fongitudinagl ¢ os
tae may o together at o poimnt or they mon
coalesce nto a stalk trom which o caadal ap
pendage anses (hwe 200 Both stathed and an
stalked loncas were obsenned  The mean sise
range ol the loncas measured from station |
(n 1M was 13412 um (length excluding the
caudal appendage « antenor lonca diameter)
The protoplast in those loncas where one was
observed was sttuated below the second tans
verse costa and possessed a thagellan that ex
tended anteniorthh out ot the lotca (e 23 In
several cases aggregations ot lomcas were ob
senved indicating colony formation ot sone sott
(tig 24

Acanthoecopsis sprculitera Notns (bigs 25 26)
This species was tound at station £ i the water
column and in the we ot stations T and K (Table
2) The Joncas were approvimately 28 pm fong
(excludmg caudal appendage) and possessed
caudal appendages 11 wm long The lonca was
composed of sinteen longiiudimal and  three
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transverse costae (big 26) Projections beyond
the antenor transverse costa were observed and
the longitudinal costae converged postenorly to
give rise to the caudal appendage No observa-
trons on the subunit structure of the costae was
possible due to the scaraty of the orgamsm in
this material There s httle doubt that this organ-
1sm s the species described by Norris (1965) (Ap-
pendix A) with the hight microscope and exam-
wed by Thomsen (1977) with the electron micro-
scope Discrepandies in lonca size, the number
of Jongitudinal costae, and the arrangement of
the transverse costae do exast but it s telt that
these ditterences retlect additional morphologi-
cal variability not noted by Norris in the Pacific
samples with which he worked (Thomsen 1977)

Bicosta  spunifera  Throndsen  (bigs  27-28)
Loricas, both whole and partial, were tound at a
number of southern stations in the water column
and n the 1ce at tour stations (Table 2) The
structure ot the lonica s simple, lacking trans-
verse costae and possessing but two longitudinal
costae (hig 28) The longitudinal costae cross
each other about two-thirds the length down the
lorica and give rise to two sweeping antenor pro-
jections and to the caudal appendage poster-
wrly The length of the lorica trom its base to the

top ot the antenor projections s 30 um  The

Figure 27. Bicosta spinifera. Line drawing

m
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junction between the longitudinal costae and
the anterior projections can be seen as thicken-
ing in the costae (see arrow, hig 28) The size and
gross morphology of the loricas from the Wed-
dell Sea fit well within the onginal description
made with the LM and the subsequent EM study
by Reynolds (1976) (Appendix A).

Bicosta antennigera Moestrup (Figs 29-30)
Loricas of this species were observed at stations
1 and K in the ice and stations O-P and P in the
water column (Table 2). The lorica of this species
1s formed by two short longitudinal costae from
which spring the sweeping antenor projections
{two) and the caudal appendage. The anterior
projections seem to be composed of two costal
stnps each (Fig 30) while the caudal appendage
and the longitudinal costae appear to be unit
structures. The base of the cell is situated at the
junction of the longitudinal costae and the an-
terior projections (hig. 31) No transverse costae
were observed The total length of the lonica, in-
cluding the caudal appendage, was 25 um, the
distance between the ends ot the antenor pro-
jections was also 25 um  The lorica morphology
of the orgamsms collected from the Weddell Sea
agrees well with the type descnption (Moestrup,
1979) (Appendin A) although they are somewhat
smaller in size Ditterentiation between B. minor

Figure 28. Bicosta Lorica with 2

spinifera
longitudinal and no transverse costae and a cau-
dal appendage. The junction of the anterior pro-
jection and the longitudinal costa is denoted by a
thickening (arrow). LM. Water column, station
L-M.




Figure 29 Bicosta antenmigera Line drawing.

Figure 31. Bicosta antennigera Complete lorica
with cell, 2 longitudinal and no transverse costae,
anterior projections and a caudal appendage LM
ice floe pond. station |

15

-

rmem R i ol

Figure 30, Bicosta antenmigera Lorica lacking the .
distal ends ot the anterior projections Naote jung
tions of the anterior projection and the longitudi
nal costafarron . LM Water column. station O-p

(Reynoldsy teadbeater and this species 1ound i
the Antarctic imvolves the number ot costal
strps which aiahe apr the tonca chamber (two tor
B antennigera s tour tor B ominorn as well as
the onentation ot the tonica chamber and the an
tettar plojec hions

Calfiacantha simplexy Manton and Oates (bigs
1200 Spedimens mvanous conditions were ob
tained tom both the water column and we at a
number of stations (Lable 2) Lo a constiuction
consists ot two transverse and toar longitadinal
costae, antenior projections and o caudal ap
peadage The second transverse costa s made
upr ot costal stps wath o smalfer diameter than
those ot the other covtae and v situated about
one tourth the length ot the forca below the
ANternor transverse costa by 38 348 The
anteniorn transyerse costa s angular i shape thig
P oand s appartently tormed trom just tow
costab strips The forea (exdludimg the caudal ap
pendage) s 10 14 g long and has a diameter of
d[)]nn\lm.nvl\ 1 m at the antenor transyerse
costa The caudal appendage o 7w fong winle
the anterior projections are 14 pm long  These
dimensions agree quite well with thoswe given in
the type descnption {Appendiv Al (Manton and
Oates 1979h) The revised taxonomic descnption




figure 32. Calliacantha simplex. Line drawing.

Figure 34. Calliacantha simplex. Lorica wrth 2
transverse (arrow denotes the position of the se-
cond transverse costa) and 4 longitudinal costae.
complete anterior projections, and an incomplete
caudal appendage. LM. Ice floe pond. station .

Figure 33. Calliacantha simplex torica with 2
transverse (arrow denotes position of the second
transverse costa) and 4 lopgitudinal costae, in-
complete anterior projections and a caudal ap-
pendage. LM. Ice floe pond. station |

ot € natany (Grontved) Leadbeater, the type
species ot the genus, detines Conatans as having
three antenor projections and siv fongiudinal
costae with the anterior projections ansing mde
pendently ot the longitudimal costae (Manton
and Leadbeater 1978) The habt micrographs o
the present study as well as the electton nmucro
graphs ot the type descnption show  that €

simplex possesses tour fongitudinal costae and
an equal number ot anterior projections which
are contimuous with the Jongitudinal costae
(Manton and Qates 1979a)

Catlacantha multisping Manton and Ouates
(Frgs 35-38) Organisms of this designation were
tound n tour ot the tve ce samples and at the
tour southern stations (Fable 21 The shape ot the
lonica (conical), the presence ot both anterion
projections and 4 caudal appendage, and the
number of longitudimal (s and transverse (two)
costae present charactenize this organtsm and

i SN




Figure 35 Calliacantha multispina aff. Line
drawing.

Figure 37. Calliacantha multi-
spina aff. Incomplete lorica
showing 5 longitudinal and 2
transverse costae. The anterior
costa is thicker than the second
transverse costa. Note the twist
in the longitudinal costae (arrow)
and the simultaneous longitud-
inal costal reduction(arrow). LM.
Water column, station O-P.
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Figure 36. Calliacantha mult-
spina aff. Orientation of the lor-
ica showing the full extent of the
caudal appendage and anterior
projections. Note twist in the
longitudinal costae {arrow) and
the simultaneous longitudinal
costal reductions (arrow) LM,
Water column. station O-P.

place it within the genus Calliacantha The long:
tuaimal costae undergo two reductions {see a

rows, Figure . 36-38) as they postenorly comerge
Atter the second reduction the longitudinal
costae appear to cross and possibly tuse (Figures
36-38) The caudal appendage anses trom the
convergence ot the longitudinal costae The 1o
duction i numbers ot longitudinal costae o

curs simultancously on cach side ot the lorca
with respect to the distance trom the base ot the
lorica The costal strps ot the antenorn transy erse
costa are thicher than those ot the second trans
verse costa or longitudmal costae The second
transverse costa is situated approvimately one
fitth the total length ot the lorica below the an
tenor transverse costa The length ot the lorca
(excluding the caudal appendage) s 26 pm the
diameter at the anternor transverse costa is Y um
and the caudal appendage o 15 um long
These dimensions are within the tange given tor
the 1y pe descaption (Appendin A) (Manton and
Odtes 19790, Manton and Oates 1479h) with an
“unusual duphication” {(presumably the twist) at
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Figure 38. Calliacantha multi-
spina aff. Incomplete lorica
showing 2 transverse and 5 longi-
tudinal costae and 6 anterior pro-
jections. Note the longitudinal
twist (arrow) and the simultane-
ous costal reductions (arrow).
LM. fce floe pond, station E.

the posterior end (Manton, pers. comm.). The
description of the type of the genus, C. natans,
allows tor the reduction of the six longitudinal
costae to as few as three before coalescence at
the posterior end. If it were not for this discrep-
ancy and the posterior twist, the orgamsms in
Bigures 36-38 would be very similar to C. natans.
Until further observations can be made, the or-
ganisms in Figures 36-38 will be designated C.
multispina aff

The key in Table 3 was prepared to assist in
identifying the loricas of the species of Acan-
thoecidae found in samples from the Weddell
Sea.

Distribution and environmenta)
tolerances

The distribution of loricate choanoflagellates
in the Weddell Sea is summarized in Table 2 by
station; Table 1 presents pertinent geographical,
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sampling, and environmental data  General
trends in the distribution include an increase in
diversity (as measured by the numbers of species
present) from  the northern stations to  the
southern stations and the presence ot a few
species, notably Posocialis and D multiannulata,
at most or all of the stations where choanotlag-
ellates were recorded  As mentioned in the oh-
servations, some species, A sprculifera and B,
antenmigera, were absent trom all but a tew sta-
tions. lce stattons | and K had not oniv more
species than the matching water column stations
but more than any other stations sampled

Temperatures and salingties tor the water ol
umn at the stations where these measurements
were taken (Table 1) can be approsimated by the
surface temperatures and salimities due to the
well mixed nature of the upper water column
from which the samples were taken (El-Sayed
and Taguchi 1979) The temperature range of
-2.4° to 1.7°C represents a maximum difference
of 4.1°C while the salinity range of 332", to
34.3%,, represents a maximum difference of
11%,. The relative uniformity of the two envi-
ronmental parameters studied prevents explana-
tion of the distribution of loricate choanoflagel-
lates from the water column based upon salinity
and temperature alone

Measurements of salinity and temperature of
the ice Hloe ponds were not obtained in the field
The temperature can be approximated to be be-
tween the air temperature (about 0°C) and the
water temperature, placing it within the range of
temperatures observed at the surface of the
water column. Ponds that form on sea ice can do
so in two different ways, either through solar in-
duced melting or subsidence of the floe and sub-
sequent flooding. In the case of the ponds en-
countered in the Weddell Sea there is strong evi-
dence to suggest the latter case All the ponds
encountered were near deformational features
such as ridges where the topside loading would
deflect the flat plate floe so that the surface
would be below sea level, allowing it to be
flooded through cracks or connections to the
open water (S Ackley, pers. comm.). Therefore
the salinity of the ponds should approximate
that of sea water or be somewhat less if spnow
was incorporated into the water of the pond. The
ice core sample was not accompanied by tem-
perature observations, although the assumption
that the temperature, particularly of the brine
pockets and fissures, must be at or below freez-
ing (-1.8°C for sea water at 36%,,) would seem to
be valid. Salinities of 10-cm sections of the core

JRTCIFT TN

or

PSP TR WP NP SN




Table 3. Key for the identification of loricas of Acanthoecidae from the

Weddell Sea.

A Lorica possessing projections of the longitudinal costae beyond the transverse (osta (e) at one

or both ends (If ves then B}

AA  Lorica not possessing projections ot longitudinal costae bevond the transverse costa (e)

Parvicorbicula socialis

8 Longitudinal projections of tostae present only at anternior end of lorica, posterior end
characterized by a coalescence ot the longitudingl costae and a8 caudal appendage

(M yes then ()

BB Longitudinal projections of costae present at both ends ot lorica Crinolina aperta
C Lorica composed ot b or tewer longitudinal costae and 2 or tewer transverse ¢ostae '

{1t yes then 1)

CC Lotica composed of 10 or more longitudinal costae and 3 or more transverse (ostae

{It yes then D)

1 Lorica composed solely of 2 longitudingl «ostae (If ves then A)

1 Lorica composed of tour to six longitudinal and two transverse (ostae (It yes then 2) :r

a Longitudinal costae spraled or twisted about one another Bicosta spinitera ' ‘

aa Longitudinal costae not spiraled or twisted about one another Bicosta antennigera K

2 Anterior projections 4, continuous with longitudinal costae Calliacantha simplex b

2 Antenor projections 6. continuous with longitudinal costae Calliacantha multispina L '
D Longitudinal costae 14 or more. transverse costae 3, largest diameter of the lorica at the 3

antertor transverse costa

Acanthoecopsis spiculifera

DD Longitudinal costae 13 or tewer. transverse costdae 4 or more, largest diameter of lorica at third Vi

or fourth transverse costa

were determined, and showed a maximum ot
6" at a depth of 120-130 ¢m below the surtace
(ice tloe thickness was 145 «m) (Ackley et al
1979). This, however, does not represent the sa-
himity ot the brine pockets and fissures where it s
hypothesized that the choanoflagellates exist In
the brine pockets and fissures, salimity varies due
to the variable degree o1 freezing throughout the
floe. In some of the smaller pockets (where the
greatest amount of treezing and brine were
tound) salinity exceeds that ot the water trom
which the ice was formed.

DISCUSSION

Morphology

The use of SEM as a tool in the morphological
and taxonomic aspects of this study has re-
vealed that the manner in which transverse
costae within an organism vary thewr diameters s
a character that 1s probably important in the es-
tablishment of a species concept for the Acan-
thoecidae. The vaniation of the transverse costae
ultimately  determines lorica shape, o wide-
spread characteristic used in describing genera
In Parvicorbicula socialis, P. quadricostata
Throndsen, and P. circularis  Thomsen, the
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Diaphanoeca multiannulata !

characterstic cone shape ot the genus s !
achieved by having a postenior transverse costa
(there are but two transverse costae) ot smaller
diameter than the anterior transverse (osta
{Manton et al 1976, Thomsen 1976) The number
of component costal strips s less in the postenor
than the anternior transverse costa, while the
length and degree of costal stnp overlap s ap-
proximately  equal  In Pleurasiga  revnoldsii
Throndsen, a barrel shape s achieved by having
an antenor transverse costa with a larger diam-
eter than the posterior transverse costa (ths
species also has only two transverse costae) This
varation in costal diameter 1s achieved by hav-
ing antenor costal stnips ot greater length than
those of the postenior transverse costa: The num-
bers and degree of the costal stap overlap are
constant (Thomsen 1976) In Crinoling isefiorden- ]
sis, the skirt-shaped lorica s achteved by having !
two transverse costae ot ditterent diameters In
this case, however, a combination of costal strip
length and degree ot overlap 1s used to achieve
this eftect (Thomsen 1976) In Diaphanoeca pedi-
cellata Throndsen, a barrelshaped lorica s
achieved by having two transverse costae with |
the same number of transverse costal strips but
with a lesser degree ot overlap in the second
transverse costa. Transverse costal stap length s
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constant  (Thomsen 1976). D. multiannulata
shares this method of lorica shape control
although it is somewhat more elaborate because
four costae are involved. The exactness of depo-
sition of component costal strips is indicated by
the differences in size and morphology not only
between transverse and longitudinal costae but
between individual transverse costae in some
cases (Calliacantha simplex). The differences in
the manner of lorica shape determination be-
tween the genera (investigated to date by elec-
tron microscopy) and the exactness ot costal
strip deposition indicate that this character may
be potentially important from a taxonomic
standpoint, both in assigning new species to a
genus or in reassigning species described with-
out attention to this detail More investigations
with the electron microscope will be needed be-
fore the taxonomic potential of this character
can be fully appreciated, but the results ot this
study indicate that the manner in which the lori-
ca shape is determined may be a conservative
characteristic.

Another morphological consideration that de-
serves further investigation with respect to ats
contribution to the taxonomy and phylogeny of
this group is the size range ot a species. The dit-
ficulty of determining diameters and lengths ot
two-dimensional representations ot three-dimen-
sional structures notwithstanding, the size ot the
loricas of a species seems to have an inverse re-
lationship with the temperature ot the environ:
ment in which they are tound (Manton et al
1976, Manton and Leadbeater 1978)  This
borne out in the present study to some extent A
spiculifera, which has a temperate type locality,
was considerably larger than the type spea
men; however, B. spmitera and € aperta were
considerably smaller than the type specumen
The discrepandios between the size ranges of the
two bipolar species are difficult to comprehend.
Seasonal (winter-summer) torms ot Parvicor
bicula socialis with disunct and ditterent size
ranges have been observed in the Archie (Manton
ot al. 1976), and it ts possible that this sort of
phenomenon is responsible tor the discrepancies
noted here. It s suggested that lonca size, al-
though an eastly discernible charactenstic with
the light microscope, not be utilized to didteren:
tiate spectes, at least until a more comprehen
sive picture emerges

Distribution

The reports of B. spinitera, C.aperta, A. spi ul-
ifera, and C. simplex from the Weddell Sea repre
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sent a significant extension of the geographical
range of the tour species. B, spinifera has been
reported trom its type locality, the Nomegian
Arctic (Throndsen 19704), trom fjords ot Nomway
(Leadbeater 19724), and trom tyords ot Denmark
(Thomsen 197 3) C. aperta has been reported only
trom its type locality at Cornwallis Istand in the
Canadian Arctic (Manton et al 1975) A sprculit
era has been reported from ats type locality on
the Washington coast (Norris 1965) and trom the
coast of Finland (Thomsen 1977) 2. socialis has
been reported trom lerre Adelie (Detlandre
1960) 10 the Antarc tic as well as trom many other
locahities throughout the world (Manton et al
1976)
anotlagellates preter temperate and polar e
gions although subtropical and troprcal regions
need to be investigated betore this can be con
Hirmed

This and other studies indicate that ¢ho

The spatial distnbution ot choanotlagellates
within the Weddell Sea over a cruise track that
covered approsimately 1000 nautical noles indi
cdtes that foricate choanotlagellates were gener
ally present, although o small quantities ton
some spectes, at the time of sampling (Lable 2)
1he paucity ot some organisms may indicate the
true population, may nurror equipment selectn
ity whereby some ot the smaller organisms <hip
through, or may be caused by the destruc tion ot
the less robust torms as a resalt ot the presenva
Additional
studies on the spatial and temporal distobunon
(keeping 10 nand the ettects ot collection, pres
ervation, and preparation techmques) ot hoan
otlagellates need to be carned out betore a com

tion and preparation technigues

plete picture ot the biogeography will begin to
emerge The presence ot choanotlagellates over
a vast, albeit relatively unddorm, arca indicates
that many ot these organisms may be cosmopaly
tan, certamly Posocialis s abiguitous However,
there s a paucity of reports mwhiech choanotlag
cllates are present as part ot the tauna Speaal
sampling techmques and an awareness on the
part ot researchers of the existence ol choano
flagellates would lead to ther mdlusionan tuture
studies

Habitat

The association of choanotlagellates possess-
ing caudal appendages and anterior projections
with the sea e has been suggested by Manton
et al (1975) 10 s tempting to arnive at the same
cond lusion tor the Weddell Sea when itis noted
that six ot the seven species reported from this
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area possess these appendages. Hf this conclu-
sion is valid, then the presence of choanoflagel-
lates in the water column could be the result of
seeding from the ice. Breakup ot sea ice along
the open ocean/pack ice interface does occur
and is responsible for the release of dense algal
populations into the water column (Ackley et al
1979). Presumably this seeding could be a
method of introducing choanoflagellates from
the sea ice into the water column. Quantitative
studies of ice algae and water column algae
from the same areas indicate that there are spe-
cies which not only prefer the ice envitonment,
but even flourish in it (Ackley et al. 1978) No
comparable quantitative studies were done with
choanoflagellates, largely because accurate
methods for enumeration have not been devel-
oped. This limits the extent of our ability to de-
fine preferred habitats or conclude whether the
Acanthoecidae observed in the water column
are autochthonous or were introduced from the
ice. Choanoflagellates in this study are definitely
ice-dwellers, as there is no other mechanism to
allow for their transport from the water to the
ice (with the exception of initial freezing) Quan-
titative studies of samples obtained from trans-
ects perpendicular to the ice edge would estab-
lish whether the choanoflagellates found in the
water column were native or not.

Ice is an ecologically interesting habitat for
choanoflagellates for several reasons. The disad-
vantages usually associated with an ice environ-
ment include freezing or subtreezing tempera-
tures and osmotic and metabolic stresses not
normally encountered in the open ocean. The
temperature in the ice during the austral winter,
a period of time during which choanoflagellates
have to survive if not grow, can be calculated by
assuming a linear change between the water
underlying the ice (about -1.8°C) and the air
temperature, which during the winter i well
below freezing. Assuming that the ice was 2 m
thick, water temperature was -1.7°C, air temper-
ature was -20°C, and the heat conductivity ot
ice is constant, then the temperature and salinmity
30 cm from the bottom of the ice floe are
-4.45°C and 44.7%,, (Meguro et al 1967) The
mechanism with which the choanoflagellates,
and ice algae for that matter, cope with these
low temperatures and osmotic stresses remans
unknown However, tide pool orgamsms, includ-
ing those choanoflagellates recorded by Norris
(1965), must cope with greater extremes in salin-
ity and temperature mediated by penods of

2

evaporation and precpitation  All evidence
from field studies indicates that, as a group, « ho
anoflagellates have great environmental toler
ances Work with organisms in culture could
confirm not only general patterns but also toler
ance levels tor mdnadual species

On the other hand the advantages ot inhabit
ing the ice are twotold The ice provides a spatr:
ally stable environment hke that in which choan
oflagellates have been tound most otten and
presumably preter and i which tood s thought
to be abundant The we commumty, predom
nantly pennate diatoms, choanotlagellates, and
bactena, 1s trapped within the ice until, in the
case of the Weddell Sea communmity, physical or
mechanical breakup wrought by the winds,
waves, and tides releases them Not only does
the ice provide a substrate i which the choano
flagellates can grow but the algal standing crop
is conserved within the ice (until such release oc
curs, predommantly along the e edge) resulting
m high standing crops of algae (masimum ¢hlor-
ophyll a values ranged from 0 3 to 4 4 mgm* tor
those cores examined) [Ackley ot al 1978) Al
though little or no work has been done on bac
terial populations within the ice, given the high
concentrations ot algae and the resaltant dis
solved organic matter, it would seem sate to as
sume that they are high. Choanotlagellates 1eed
on bacteria (Leadbeater and Morton 197440, Filis
1930) and may be able to use the dissolved or-
ganic matter directly (Gold et al 1970} Sweburth
ot al. (1978) place choanotlagellates i the eco-
logical category of protozooplankton, a group
defined as bemg umcellular and possessing a
size, metabohe activity, and division rate sinnlar
to phytoplankton although they are ncluded i
the animal kingdom Protozooplankton are con:
sidered beneticial to the phytoplankton because
they recycle the nutrients stored i the bactena,
which live off the dissolved organic matter and
dead cells of the algae Choanotlagellates pro-
vide for a rapid conversion of bactenal bromass
to nutrnients A tightly coupled trophic sc heme
exists in the interstitial pockets ot brne withm
the e, at least until release to the ocean occurs
A more dassical trophic scheme between bac
tena and larger metazooplankton s postulated
tor the choanotlagellates in the water column It
appears that the disadvantages ot bemng assod
ated with an environment with extremes ot tem
perature and salinty are outweghed by the pres
ence of a substrate, lack of predators, and the
avaitability of food sources This e system with
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its three mam components deserves more atten-
tion than it has hitherto received, keeping in
mind the elucidation ot above-mentioned rela-
tonships and thew guantitication

SUMMARY

Conclusions

1 Choanotlagellates were widely distributed
throughout the region ot the vea e edge in the
Weddell Sea. tght species, including one des-
cnbed tor the tirst time, were observed in water
column and 1ce tloe samples

2 The tolerance of the low temperatures and
high salintties, Characteristic ot the Weddell Sea
we community, by all eight species has been
established

3 The geographical range of tive species ot
Acanthoecidae (Crinoling aperta. Parvicorbicula
socialis, Bicosta spinifera, Bicosta antenmigera,
and Acanthoecopsis sprculifera) has been signite-
cantly expanded

4 1he mechanism of shape control ot the lon-
Camay be conservative and potentially usetul as
a tanonomic ¢hdracter

5 The size of loncas s judged not to be a
good taxonomic Character because ot the varna-
ity within speaies reported  trom ditterent
areas of the world

Recommendations for future work

It may be condluded trom compilation ot
evidence trom the present work and  other
studies  that choanotlagellates ot the Family
Acanthoeadae are, ain general, cosmopohitan,
curvhabine and curvthermal, and dwell in many
manne habitats Biogeography, spatial distribu-
ton. environmental  tolerances,  associations
with the ice commumity, morphology, and taxon-
omy ot the Acanthoeadae, all addressed to
some extent in this report, need turther investr-
gation Development ot a method tor enumera-
tion, an increased awdareness on the part ol
researchers ob the presence ot choanaotiagel
Lites, and widespread sampling in all geographic
regions and seasons would advance our under-
standing ot the hwogeographical distribution ot
this group A more comprehensive examimation
ot the components of the 1ce communmty with
the goal of understanding its trophodynamics s
needed

All tuture studies must be based upon a tam
taxonomic backhground that s atselt based on
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morphological and phyletic relationships. Al-
though the advent of electron microscopy has
greatly expanded the morphological base by in-
creasing resolution, depth of field, and the abili-
ty to discern surtace detail, it s hoped that more
emphasis on conservative features such as cos-
tal strip shape, relative size of the costal strips,
and methods of control of lorica shape will play
greater roles i establishing this morphological
base. However, the need tor light microscopy to
identity and enumerate field samples should not
be forgotten
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APPENDIX A. TYPE DESCRIPTIONS OF
ACANTHOECIDAE COLLECTED FROM THE
WEDDELL SEA.

Crinolina aperta

Original description: Leadbeater, 1975

Lorica barrel-shaped, open at both ends, with
a long fringe of slender projecting costae around
each opening. Overall length 45-50 um, width at
the anterior end 17-25 um, at the postenor end
25-35 um. Number of longitudinal costae 12,
each composed of 9 or 10 costal strips with over-
lapping ends and with a tirmly construc ted costa
located at a distance of 2 costal stnips from the
anterior end of the lorica, and another located 3
or 4 costal strips from the posterior end  Trans-
verse costal strips L-shaped, tapered at one end
and sharply upturned at the other, those trom
the anterior ring thicker than those from the pos-
terior ring but both thicker than the longitudimal
costae; all upturned tips in both transverse cos-
tae directed towards the anterior end ot the lor
ca and each individually attached to the corre-
sponding longitudinal costa. Protoplast located
centrally ca. 8 pm long X 5 um wide, with a
flagellum ca. 40 um long and a nng of about /0
tentacles, each up to 8 pm long. Type locahty
Resolute Bay, Cornwallis Island (lat 74°40°N,
long. 95°00'W).

Acanthoecopsis spiculifera

Original description: Norns, 1965

Cells with a form typical for choanotlagel
lates. Cell enclosed by a lorica composed pni
marily of 14 longitudinal costae, closely envel:
oping cell body, spreading shghtly a1 collar to
form a broad chamber enclosed by widely
spaced costae. Tips of costae free from one an
other, two or three transverse costae encrchng
the longitudinal costae at the point occupied by
cell’s anterior end; two or three other transverse
costae encirching lorica qjust above cell base
Base of lorica attenuate, lomatudinal costae
converging to form a stalk up to 56 pm long
Lorica 15-18 um long, lorica pody 8-9 um long,
loric a neck (spines) 8-10 pm long, neck dua up to
10 um, cell dia 45 pm Dia ot stalk approx
mately 0.3 ym

Type locality: Tide pool at Turn Is San Juan
County, Wash

Bicosta spinifera
Onginal description Throndsen, 19704

Cell solitary, collarless, egg shaped to oyvhndo
Cally ovoid, with single collar, tlagelluny smle,
about 4 times the length ot the cell, nudcleas an
tenor; lorica extremely hyaline, maore or less
goblet-shaped with 2 (occasionally $) obliquely
running longitudinal ndges windun shahihy s
rally on the outer surtace and continumg apie
ally as slender curved spines, posteniorly ey
ing to make a long postenor projection, cell
length: 69 pum; diameter 33 o, lonca lenath
with antenior and posternior projections 50 80
um. Habitat. the sea an the vicmty o Bew
Island, 74°30°N, 25°t (1 5°(C}

Bicosta antennigera

Oniginal description: Moestrup, 1979

Solitary, protoplast ¢ 6 pwm long, with a single
anterior flagellum, 16-18 um long The cell 1o
cated in a lorica composed ot seven costal
strips. Two costal strps, each 810 pm long, toam
the lornica chamber which contains the proto
plast. Anteriorly each of the strips joins with a
long anterior spine, 32-37 um long and made ot
two costal strips These ditter in length, the pros
imal being 810 um long, the distal, which s
tapering and curves inwards, measures 2328
m_ Posteriorly the stnips of the lonca chamber
overlap and join with a posterior spine, ¢ 25 pm
long, made of a single costal stnp Yotal length
of the lorica ¢ 60 pm

Type microgranh: bigure 41 trom Kahoura,
New Zealand (42°25°S, 173°42°E) 13 Septembe
1974

Calliacantha simplex

Original  descrnption Mantan and - Oates,
1979b

Lonca with tour anteaior spies, each conting
ous with a longitudinal costa, the latter convery
ing without numencal change to the base of the
chamber. Both transverse costae attadched to the
penultimate costal stnips ot the longitodimal
costae and not directly to the termmal stops
forming the spine ends Apparent length o the
antenor spmes 15 um + 5 pm, the posteno
spine 10 pum 4 4 pum Overall lonca length com
monly 35 um + 10 @, with the chamber 12
£ 3 wm but all parts can be either larger under
arctic conditions or smaller (southem hemis
phere and Galapagos Islands), specamens of the
latter type, with an average overall leogth o1 20
Hm, [)('!h.l')s d separale species ot \H|)s|n'q s
Lhe number of tentacles approamately 30 1ayg
ellar length variable but can greatly exceed that
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ot the spines

Geographical distribution  probably  world:
wide in coastal waters Tyvpe speamens ool
lected 19 June 1975 in South Alaska trom the sea
surtace n mid-channel about a third of the way
between home and St Augustine Island, water
very clean Also recorded in other samples trom
the same area at depths trom the surtace to 10m
and at sea temperatures 6-10°C also i North
Alasha under sea e (temperature 0°C), in ard tie
Canada (temperature -1°C), in Britain (tempera
ture 16 5°C), Galapagos Islands (temperature
22°C) and South Africa

Calliacantha multispina

Original descnption. Manton and Qates 1979

Lorica 19-34 um long, lorca chamber (en
cluding spines) 8-15 pm long Spines commonly 5
but sometimes 4. 6 or exceptionally 7 Longituds
nal costae equal in number to the anterior spines
and directly continuous with them (excludmy
random duphcations  or deletions  attecting
single lodi) Antenor transverse costa firmly at-
tached to the spines near ther fower ends, the
postenor transverse costa thinner and more
hightly attached near the nuddle ot the tongitudr:
nal costae The component strips ot both trans
verse (ostae exactly bndgimg the distance be-
tween longitudinal costae Numenicdl redud tion
among fongitudinal costae occurnmg at the hind
end of the chamber as in Cnatans. Distnbution,
temperate coastal waters near the surtace
both the northern (Portsmouth) and southern
hemisphere (Cape Town) Type specimen Speds
menain bigure 4 collected 10 November 1972 be
tween Robben Island and Cape fown, 10 m
depth, sea temperature 10°C
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